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ROUTER DEVICE AND CUT-THROUGH FATH CONTROL METHOD FOR 



REALIZING LOAD BALANCING AT INTERMEDIATE ROUTERS 



5 BACKGROUND OF THE INVENTION 
FIELD OF THE INVENTION 

The presenr Invention relaxes to a router device for 
setting up a cut-tnrougti path ana a method for controlling 
10 a eut-tnrough path. 

DESCRIPTION OF THE BACKGROUND ART 
A router device for transferring data gram by 
analyzing an IP I Internet Protocol) header uses a routing' 

15 protocol for the purpose of de'cermining' a nexx hop -cransfer 
xarare-c. In one such routing- proTocol called OSPF (Open 
Shortest Path Fast) (see J. Moy. "OSPF Version 2". Internet 
RFCZ3Z8, April 1998, Tor example), when a plurality of next 
hop transfer targets exist corresponding; to a plursillly of 

20 routes of the same cost: up to a final destination network, 

or host, it is possible to maintain a plurality of next hop 
transfer rareet information. Here, the cost refers to an 
information such as the number of intermediate routers to 
be passed, for example, where the lowest cost implies the 

25 shorrest rouxe. 

This function Is utilized for the load balancing In. 
such a way that, when a router device for transferring 
datagrams has a plurality of next hop transfer tarset 
router information, datagrams are outputted uniformly over 

30 these next hop transfer target routers so as to avoid 

loading only a particular router device heavily. Here, the 
Imporranr polnr is thar . ar a rime of rhe load Dalanctne, 
there Is a need to make sure that the orderH araon^ 
datagrams are not reversed in the data transfer between two 



35 



hosts . 
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on. xhe oxher hand, in the label switching technique 
that has been proposed as a scheme for realizing a fast 
transfer of datagrams such as those of IP, the IP header 
Information Is not looked during: the datagram transfer so 
5 that it is difficult to guarantee the ortjere amonff 
datag-rams in the data transfer between two hosts. 

For this reason, the label switching technique adopts 
a scheme for setting up a plurality of paths {called label 
switched paths) for carrying^ out a cut- through transfer 

lo from a aevice l called edee router) that currently carries 
out a transfer based on the IP header, and transferring 
datagram to one of the plurality of cut-through paths that 
are set up at the edge router. 

For rhe label switched parh set up In this scheme, 

15 there exists ei set up called Explicit Route which enforces 
passlns^ of each path at a time of starting the set up from 
the edee router. 

in the case of the set up according to Explicit Route ^ 
It is necessary for the edg-e router to recognize a deletion 

•20 of a specified route (router device) due to the chanffe of a 
route at an intermediate router device or the like, and at 
a Time of notifying the deletion of rhe specified route 
from a router that detected it ro rhc edge router, there 
are cases which require special means such as the use of 

25 information on the routing protocol or a protocol for 
generating the cut-through. 

Also, in the conventional method, even when a given 
router iteelf does not have a plurality of routes, there is 
a need to recognize a plurality of routes, which is 

30 difficult depending on the routing protocol, so that there 
Is a possibility for a network manager to be required to 
make a registrar ion at a time of network designlnsr. 

As described, conventionally, there has been a problem 
that, in the case of carrying out the load balancing 

35 regarding the cut^through path, the edge router of that 
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cux-rtiroueH parh that is to be route changed for the 
purpose oir load tjalanclnff must be Involved In tills process. 
Also, for this reason, there has been a problem that the 
control and implementation become complicated and it is 
5 difficult to realize the effective load balancing-. 



SUMMARY OF THE INVENTION 

10 It is therefore an object of the present Invention to 

provide a router device and a cut-through path control 
method capable of carrying- out the load balancing at an 
Intermediate router device which actually has a multi-path 
Information, without requiring a special processing at the 

15 edg-e router. 

According to one aspect of the present invention there 
Is provided a cut-through path control method at a router 
device at which multi-path exists, comprising the steps of: 
selecting- one rourer amone a plurality of routers that can 

zo possibly be a next hop router so as to contribute to a load 
balancinff. according to a whole or a prescribed part of 
information regarding a state of cut-through path set up in 
which the router device is involved, at a time of setting 
up a cut-through path in the multi-path; and carries out a 

25 prescribed control for setting up the cut-through parh with 
said one router as the next hop router. 

Accordinff to another aspect of the present invention 
there is provided a cut-through path control method at a 
router device at which multi-path exists, comprising the 

SO steps of: selecting one cut-through path that contributes 
to a load balancing when a route change is made, among cut- 
through paths for which the route change at the router 
device is possible; and changing a route of said one cut- 
through path so as to contribute to the load balancing. 

35 According to another aspect of the present invention 

-3- 
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•there is provided a rourer device at: which, mulri-pdrh 
exlsrs, comprising^: a processing unit configured vo seiecx 
one rourer among: a plurality of routers that can possibly 
be a nexz hop router so as ro contribute to a load 
5 balancing, according to a whole or a prescribed part of 

inf otmation regarding a state of cut-through path set up in 
which the router device is involved, at a time of setting 
up a cut-throuffh path In the multi-path; a control unit 
configured to carry our a prescribed control for setting up 

10 The cut-through path with said one router as the next hop 
router; and a transfer unir configured to transfer 
daxasrams using the cut-through path. 

According to another aspect of the present invention 
there is provided a router device at which multi-path 

15 exists, comprising: a. processing unit configured to select 
one cut-through path that contributes to a load balancing 
when a route change Is made, among eut-rhrough paths for 
which the route change at the router device is possible; a 
control unit configured to change a route of said one cut- 

20 rhrouEh path so as to conTribute ro the load balanclne: and 
a transfer unit confleured to transfer dataerams usini? the 
cut-through path- 

According to another aspect of "Che present Invenrjon 
there is provided a computer usable medlxm having computer 

25 readable program code means embodied therein for causing a 
computer to function as a router device at which multi-path 
ejclsts. the computer readable program code means includes: 
first computer readable program code means for causing said 
computer to select one router amontr a plurality of rourers 

30 that can possibly be a next hop router so as to contribute 
to a load balancing, according to a whole or a prescribed 
part of Information regarding a sstate of cut-through path 
set up in which the router device is involved, at a time of 
setting up a cut-through path in the multi-path; second 

35 computer readable program code means for causing said 
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computer to carry out a prescribed conrrol far setting up 
the cut-through path with said one router as the next hop 
router; and third computer readable program code means for 
causing said computer to transfer dataeTams using the cut- 
tnrough path. 

According to another aspect of the present invention 
there Is provided a computer usalale medium having computer 
readable program code means embodied therein for causing a 
computer to function as a router device at which mult 1 -path 
exists, the computer readable program code means Includes; 
firsr computer readable program code means for causing said 
computer to selecx one cut-through path that contributes to 
a load balancing when a route change Is made, among cut- 
riirough paths for which the route change at the router 
device is possible; second, computer readable program code 
means for causing said computer to change a route of said 
one cut-through path so as to contribute to the load 
balancing; and third computer readable program code means 
for causing said compurer to transfer datagrams using the 
cut" through path. 

Other features and advantages of the present invention 
will become apparent from the following description taken 
in conjunction wlTh the aeeompanying drawings. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Fig- 1 Is a diagram showing an exemplary configuration 
of a network containing a router device according to rhe 
preferred embodiment of the present invention. 

Fig. 2 is a block diagram showing one exemplary 

eonriguratlon of a router device according to the preferred 
embodiment of the present invention. 

Fig. 3 is a flow chart showing one exemplary cut- 
through path set up procedure that can be carried out by 



iceived Oot-27-99 12!47am From-+81 335970095 To-FOLEY 4 LARDNER 



59-10-27 13:53 5B5«c-FOLEY 



M S^TC-MIYOSI & MIYOSI 



T-738 P. 12/60 U-569 



the rouxer device of Flg^. 2. 

Fig. 4 is a flow c-Jiart showine anorner exemplary cux- 
throueli pa-ch set up procedure that ean be carried out by 
the router device of Fig. 2. 
5 Fl^. 5 is a flow chart showing still another exemplary 

cut— through path set up procedure that can be carried out 
by the router device of Pig. 2. 

Fig. 6 is a diagram showing an exemplary configuration 
of a routing table used in the router device of Fig. 2. 
10 Fig. 7 is a diagram showing an exemplary configuration 

of a label table u@ed In the router device of Fig. 2. 

Fig- 8 is a block diagram showing another exemplary 
configuration of a router device according to the preferred 
embodiment of the present invention. 
15 Fis. 9 is a flow chart showing one exemplary cut- 

throuffh path re-settlne procedure that can be carried out 
by the router device of Fig- 8. 

Fig. 10 is a flow chart showing another exemplary cut- 
through path re-setting procedure that can be carried out 
20 by the router device of Fig. 8, 

Fig. 11 is a diagram showing an exemplary 
conf igTirarlon of a label table used in rhe router device of 
Fig. 8. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Referring now to Fig- l to Fig. ll, one embodiment of 
a rourer device and a cut-through path control method 
ao according to the present invention will be described in 
detail. 

Fig. 1 shows an exemplary network into which the label 
swi-cchlng: is inrroduced, in which a rouTer device can have 
a pluraliry of nexr hop Informarion. 
35 Each one of router devices 101 to 103 is a device 
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navmg a funcxion for g-eneraxine a parh {which will be 
referred ro as a cut-rixrough paTh hereafrer) "Chat enables a 
fast dsirag^ram rransfer basBd oxily on a lower layer 
Info rmar Ion without looklngr ax the IP header information, 
5 by sharing' a common reeognlrlon reg^ardins information on a 
datagram flow to be transferred and a lower layer 
information amoni; the routers . 

As a way of obtaining' a common recognition regarding' a 
speciric datagram informarion and a lower layer information 
10 cwnioh will be referrea to as a label hereafter) , a 
protocol such, as FANP (Flow Arrrlbure Norification 
Proroeol), TDP tTag Dis-criburion Protocol), or 1_DP CLabel 
Distribution protocol) can be used, 

A router device 104 is a device that is connected with 
15 the router devices 102 and 103 and a network 120 locaxed 

beyond these router devices, where a protocol such as FANP, 
TDP or LDP is operating between this router device 104 and 
the router device 102 and the router device 103, which has 
a function for eerrina; up a cut -Through path and a function 
20 as a final hop of the cut-through path. 

Each one of router devices 111 to IIN Is a device that 
Is connected with the router device 101, where a protocol 
such as FANP. TDP. or LDP is operated similarly as in the 
router device 104, which also has a function for setting up 
25 a cut-throuEh path and a function as a final hop of The 
cut-throueh path. 

Note that the router devices 101 to 103. 104. and ill 
to UN are distinguished above for the convenience of the 
followinff description, but all the router devices can be 
30 devices having a cut-through transfer function. 

In the network of Fig. 1, a routing protocol for 
determining^ a transfer target of an IP datagram is 
operating between the routers, and the routing protocol 
that Is operating here can be OSPF (Open Shortest Path 
35 Fast), for example. 
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By operarln© the rouxlng proroool on the network, m 
the case of -cransf erring rhe datagram from the router 
device 101 to the network 120 or the router device 104, the 
router device 101 can recognize that the network 120 or tiie 
S router device 104 iss reachable at the scune cost by adopting 
either one ol" a route via the router device 102 and a route 
via the router device 103- As a result, the router device 
101 may Transfer datagram to either the router 102 or the 
router 103 at a time or the datagram transfer. 
10 In such a configuration, the ca«3e of generating cut- 

through paths 131 to 13N using a protocol such as FANP . TDP 
or LDP. with respect to the network 120 or the router 
device 104 from the router devices 111 to llN will be 
described . 

15 in this case, the router device 101 transfers set up 

messages respectively arrived from the router devices 111 
to UN towards a direction of the router device 104 or the 
network 120, and similarly as in the case of datagram 
transfer, the router device 101 nieiy transfer them to either 

20 the router device 102 or the router device 103 as a next 

router device for transferring messages for the purpose of 
extending the cut-through paths. 

Now, Fig, 2 shows an exemplary configuration of the 
router device 101 provided wltliin the exemplary network 

25 configuration of Fig, 1, Note that the router device 102 or 
the router device 103 may have the same conf igfurat ion . but 
only the router device 101 has multi-path in the exemplary 
network configuration of Fig. 1 so that the router device 
101 will be described here as an example. 

30 An IP processing unit 201 checks whether an IP 

datagram is destined to the own device or not according to 
a destination information of the datagram , and for the 
aatag-ram destined to the own device, the reception 
processing is carried out and the datagram is transferred 

35 to an upper layer protocol (TCP. for example). whereaK for 
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the daragram noi; desxined xo xXie own device, a nexr hop 
transfer tarffet Is determined and a processing for 
rransferring- the datagram to a next hop router device Is 
carried out. 

5 Note that the rourer device 101 has a label switching 

function using labels so that it is not absolutely 
necessary for the router device 101 to have a transfer 
function with respect to the datagram not destined to the 
own device. However, in the case where the router devices 

10 104 and ill to UN are provided in the conTlguratlon ot 

Fig. 1, it is necessary for these r-outer devices to have a 
Transfer function with respect to the datagram not destined 
to the own device because any of these router devices can 
be a srarr point or an end. point of a cut-through path. 

15 A cur-rhrough control unit 202 carries out a protocol 

to be used in obTalning a common recognition regarding the 
datagrrani flow and the label Information with the 
neighboring router devices (by exchanging inrorinatlon on 
rhe daragram flow and the xabelsj . 

20 A routing rable 203 is a table used in obtaining a 

next hop router device from the destination address, where 
it is possible to have a plurality of next hop information 
but the next hop informaTion is not necessarily always 
plural because there can be cases where no multi-path 

25 exists depending on the route. 

Network interfaces 211 to 21N are respectively 
connected to the routers ill to llN. and can be provided In 
any form as long as FANP . TDP or LDP Iss usable on a 
physical layer, Por example, they can be provided in forme 

130 of ATM, frame relay, Ethernet, etc, 

A network interface 221 is connected to the router 

device 102 and operates similarly as the nerwork interfaces 
211 to 21N (here it is assumed to have the same 
configuration as the network interfaces 211 to 2lN) . 
35 A network interface 222 is connected to the router 
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device 103 and operates nlmllarly as rhe network Interfaces 
Zll to 2lN (Here it is assumed to have the same 
eonf IpuraTlon as the network Interfaces 211 to 21N) . 
A switch unit 204 Is a switch device capahle of 
5 directly switehlnff datagram from one network interface to 
another network interface when the cut-throueh transfer is 
possible . 

Now. a configuration of each nerwork interface will be 
described using the network interface 211 as an example. 

10 A physical layer processing unit 231 carries out 

different types of processing accordine to the physical 
layer accommodated, by tne network interface, such as the 
cell synchronization processing, etc., in the ease of ATM 
and the MAC processing, etc., in the ease of Ethernet, 

15 A label processingr unit 232 determines a label for a 

next hop router device by referring to the label table 233 
after extracting a label from the header Information of the 
received datagram (frame), and carries out a processing- for 
transferring the dataEram to the next hop router directly 

20 through the awlteli unit zoo. without carrying out the 
datag^ram transfer processstng uaing^ IP header, etc. 

Note that, in the ease of ATM, a switch table in terms 
of VPI/VCI used by the ATM switch or the like can be used 
directly as the label processing unit 232 and the label 

25 table 233, and in the case where the network interfaces 
possessed by the router device 101 are all eiven in forms 
of ATM, all the functions of the network interfaces 211 to 
21N. Z21 and Z2Z, tne label processing: unit 232, the label 
table 233 and the switch unit 204 can be realized by an ATM 

30 switch. 

In the following, the cut-throug-h path set up 
procedure at the router device lOl will be described. 

Fig. 3 shows an exemplary processing' procedure of the 
router device 101 in the case of generating a cut-throuffh 
35 path from the router device 111 to llN with respect to the 
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network 120 or The rourer device 104 as rhe final 
desrinaxlon in xhe nerwork shown in Fie. 1- Here, rhe 
exemplary case of not carrying out the merisrinir will be 
described. 

5 Note that the operation is different depending on d 

protocol for ^eneraring the cut-througrh path, and an 
exemplary case of transferring- message to a next hop router 
at a timing- of a cut-throa^h path greneration message (which 
will be referred to as a set up message hereafter) will be 

10 d.escribed here. 

The cut-rurouffh path generation messag-e received from 
the network interface 211 to 21N of the router device 101 
is transferred to the IP processing unit 201 after 
referring to the label table 233 at the label processing 

15 unit 232 and determining that the datagram processing suen 
as that of IP is to be carried out without transferring it 
directly to another network Interface (step S301) , 

Note that a condition for carrying out the datagram 
processing- is different depending on a protocol, but the 

20 transfer proeeseing with respect to the IP processing unit 
201 that is carried out at the switch unit 204 is basically 
the same. 

The IP processing unit 201 to which the set up message 
is transferred then makes a judgement as to whether it is a 

25 message to be received by the own device or not, and sends 
data to the cut-through control unit 202 when it is a cut- 
through protocol message (step S302). 

on the other hand, when the IP processinff unit 201 
Judges that it IS not a message to be received by the own 

30 device, the IP transfer prooeseing is to be carried out so 
that the IP processing unit 201 determines a next hop 
router device by referring to the routing table 203 , and 
transfers data to the next hop router device {step S303) . 
At this point, if the router device 101 has a device 

35 conf igruration without the IP transfer function, the 



Received Oct-27-99 12:47am From-+81 335970086 To-FOLEY i LARDNER Page 17 



-10-27 13:54 JgJfe-FOLEY 



iSHte-MIYOSI & MIYOSI 



T-738 P. 18/60 U-SeS 



dara^ram will be discarded. 

Next, ar rlie cux-through control unit 202 thax 
received "Clie set up messaee from the IP processing unit 
201, the final destination for the purpose of g^eneratin^ 
S the cut-throuffh path that is contained In the received 
message is acquired (step S304) , 

At the cut-throu&h conrrol unit 202 , rhe next hop 
rourcr device Is obtained by referring To The routine table 
203 using the acquired final destination (step S305). and 
10 if The final desTinaTion is not reachable, the Transfer of 
this messas^e is interrupted (step S306}. 

Note that the operation atxer the message transfer 
interruption is different depending on the cut-through path 
g-eneration protocol, and can be returning of a response {a 
15 response messag'e will be referred to as a eeT up compleTion 
message hereafter) TO The previous hop router device 111 To 
UN from The router device 101 or sTopping of The proTocol 
operation . 

On the oTher hand, when The final desTinatlon exists 
20 at the Step S305. the next hop router device information is 
obrained from an entry of the routing table 203 for the 
final desTinatlon. 

In the network of Fig. 1. the router device 101 
maintains The rouTer device 102 and the router device 103 
25 as the next hop informaTlon with respect TO The rouTer 

device 104 and The ncTwork 120 as already menTioned above. 

At this point, the cut- through control unit 202 checks 
the numher of already set up cut-through paths (a cut- 
throueh number J with respect to the same final destination 

30 (step S30T) . 

The number of already set up cut- through paths ie used 
In the Judgement to obtain the next hop Information. In The 
case where There are two next hop information as In The 
network conf igxiration of Fig-. 1, the next hop information 

35 is deTermined by an algoriThm which selects the router 
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device 102 wHen rue number ot already set up cut-rtirouKti 
parhs Is 0 or even, or rhe router device 103 wnen tne 
number of already set up eur-throuffh paths Is odd (step 
SS08) , for example. 
5 Note that when there are a pieces of the next hop 

Information, the next hop router devices can be selected 
seauentialiy aecordine- to a value of "c mod n" . for 
example, where c Is the number of already set up cut- 
through paths. 

10 Also, the iiexLt hop router device selection algorithm 

is not limited to this, and any algorithm can be used as 
long as it sets an identical lor nearly identical J number 
of paths to each next hop router device or It distributes 
paths uniformly among the next hop router devices. 
15 At the cut-throuEh control unit 202 which determined 

the next hop router device In this way. the set up message 
is transmitted to the router device 102 throueh the network 
interface 221 ir the router device 102 is determined as the 
next hop router device or to the router device 103 through 
20 the network interface 222 if the router device 103 is 
determined as the next hop router device (step S309). 

After that, at a timing where the set up completion 
message arrives from the router device 104 that is an end 
point of the cut-throueh path or an intermediate router 
25 device tstep S310). a correspondence between the flow 

information and label Information contained in the received 
message and the corresponding transmission flow information 
and label information is established, so that the cut- 
through path set up to an output network interface 221 or 
30 222 from the input network interface 211 to 21N becomes 
possible, and therefore a transition to the cut-through 
transfer becomes possible (step S311} . 

The transition to the cut-through transfer is 
completed by setting the output label information in the 
35 label table 233 existing on the receiving network Interface 
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211 TO 21N. in the case of rhe router device In the 
conf igurarion shown in Fis. 2. 

When the Transition to the c-ut-throufifh transfer is 
completed, the cut-rhroxieh conrral unit 202 transfers the 
E set up eomplerlon message to the previous hop router 
device . 

In this way, by making The number of paths for each 
next hop router device identical (or nearly identical) in 
view ot The number of already seT up cuT-throuErh paths in 
10 The procedure for determining rhe nexT hop rouTer, It 

oecomes possible to realize The load balancing ar the paTh 
level . 

Mext, the case of supporting a merging function 
capable of TransmiTTine a plurallTy of InpuT labels to a 

IS single ouTpuT label aT The switch uniT 204 in The rouTer 
device 101 shown In Fig. 2 will be described. 

Fig. 4 shows an exemplary processing procedure of the 
rouTer device 101 in The case where the router device 101 
has the mergrins: runcTlon (carries out The merelng) , when 

zo the router device 111 to UN generares The cuT-Throujrh paTn 
with the nerwork 120 or The router device 104 as the final 
desTlnaTlon, for example. 

The cuT-Through paTh generaTion message received from 
the network interface 211 To 21N of The router device 101 

25 is transferred To The IP processing unlT 201 afTer 

referring to the label table 233 at the label processing 
uniT 232 and deTerminlng ThaT The daTagram processing such 
as that of IP Xs ro be carried out wlthouT Transferring It 
directly to another network interface csrep S4013 - 

30 Note that a condition for carrying out the datagram 

processing is different depending on a protocol, but the 
Transfer processing wlTh respect to the IP processing unit 
201 that is carried out at the switch uniT 204 is basically 
the same . 

35 The IP processing unit 201 to which the set up message 
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Is Transferred then makes a Judgemenr as xo whether It Is a 
message "CO be received by the own device or nor, and sends 
dara to the eur-throuch control xmlz 202 when it is a eut- 
Throu^h proToeoi message istep S402). 
5 On the other hand, when the IP processing unit ZOI 

Judges that it is not a message to he received by the own 
device, the IP transfer processing is to be carried out bo 
that the IP proeessing unit 201 determines a nexr hop 
router device by referring to the routing table 203, and 

10 transfers data to the next hop router device (step S40S} . 
At this point. It The router device lOl has a device 
configuration without the IP transfer ninction. the 
datagram may be discarded. 

Next, at the cut-throagh control unit 202 that 

15 received the set up message from the IP processing unit 
201, the final destination for the purpose of generating 
the cut-through path that Is contained in the message Is 
acquired (step S404) . 

Also, the next hop router device Is obtained by 

20 referring to the routing xaoie 203 using the acquired final 
destination (step 5405). and if the final destination is 
not reachable, the transfer of this message is Interrupted 
(step S406) - 

Note that the operation after the message transfer 
25 interruption is different depending on the cut-through path 
generation protocol, and can be returning of a response to 
the previous hop router device 111 to UN from the router 
device lOl or stopping of the protocol operation. 

on the other hand, when the final destination exists 
30 at the step S405 , the next hop router device information is 
obtained from an entry of the routing table 203 for the 
final destination. 

In the network of Fig. 1, the router device 101 
maintains the router device 102 and the router device 103 
35 as the next hop information with respect to the router 
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device 104 and rhe network 120 as already menrloned atove . 

Nex-D, The next hop router device is to be selected at 
the cut-through control unit 202 , and at this point, the 
cut-Through control uait 202 checks the number of already 
5 set up cut-through paths with respect to the game final 
destination (step S407J. 

The number of already set up cut-throug:h paths is used 
in the judgement to obtain the next hop information - 
Similarly as in the case of Fig. 3. the next hop 
10 information is determined by an algorithm which selects the 
router device 102 when the number of already set up cut- 
through paths is O or even, or the router device 103 when 

the number of already set up cut-through paths is odd (step 
S408), for example, 

15 AS mentioned ahove. the next hop router device 

selection alfforithjn is not limited to this, and any 
algorithm can be used as ions as it sets an identical (or 
nearly Identical) number of paths to each next hop router 
device or it distributee paths uniformly among the next hop 

20 router devices. 

Next, In the case where the number of already set up 
cut-through paths is less than the number of next hop 
Inrormation maintained, that is. in the case where the 
number of already set up cut-throueh paths is 0 or l in 

25 this example, the maximum number (two in this example) of 
the cut-through paths are not yet generated, eo that the 
set up message Is transmitted to the determined next hop 
router device (step S409), 

After that, at a timing where the set up completion 

30 message arrives from the router device 104 that is an end 
point Of the cut-through path or an intermediate router 
device (step S410), a correspondence between the flow 
informaxlon and label information contained In the received 
mefisage and the eorr eepondlne transmission flow information 

35 and label informarion Is eatubllshed . so that the cut- 
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rhrough paTh set: up to an output network interface 2Z1 or 
222 from The InpuT ncrwork InTerface 211 to 2lN becomes 
possible, and therefore a transition to The cuT-Throush 
transfer becomes possible (step S411) . 
5 The Transition to The cuT-Through transfer Is 

compleTed by setting: the outpuT label inforjnaTlon in The 
label table 233 exisxing on the recelvlne neTwork interface 
211 to 21N, in the case of* the router device In the 
configuration shown in Fig. 2. 

10 Also, in the case where The number of already ser up 

cuT-Ttjrough paths is sreaTcr Than or equal to the number of 
next hop InformaTion maintained, ThaT is, in The case where 
The number of already sex up cut-rhroug-h paths is 2 or more 
in this example, the cuT-Through paths for transtnission are 

15 already sex up with respecx to respecTive nexT hop routers, 
so xhax the transixion to the cut-xhroug-h xransfer is 
completed when The cuT-through control unit 202 sets the 
label xable on the input network interface 211 xo 21N of 
The received seT up message so as to Tranamit by mertsring: To 

20 the already scT up cuT-Through paths, wlTh respecT to The 
deTermined next hop rouTcr InformaTion (sTep S411J. 

AfTer ThaT, The set up completion messeig^e is rcTurned 
TO The rouTer device from which the seT up message was 
senx - 

25 Note that, in the case of carrying out the mereinc ^ls 

described above, in deTermining^ The next hop information at 
the step S408 , iT is preferable not to select one next hop 
InformaTion more Than once iintil every next hop InformaTion 
is selecTed once (This is The case In the above example) . 

30 However, by relaxing the selection criterion, iT is also 
possible xo selecx one next hop information more than once 
before every nexT hop InformaTion is selecTed once. In such 
a case, m xne above procedure, the condition that xhe 
number of already set up cax-xhrough paths is greaxer xhan 

35 or equal to the number of nexT hop informarion malnrained 
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will be replaced by a condition rhat x:he cut- throug-h patti 
to be a rargex ot merfflnir Is already set up, and the 
condition that the namber of already set up cut-throueh 
paths is less man the number oT next hop iniTormation 
S maintained will be replaced by a condition that the cut- 
through path to be a target of merging is not yet set up 
(note that this condition can also be used in the procedure 
of Fig. 4) . 

10 Next, the case accounting for different link rates 

(networK bandwidthsj or the network interfaces with respect 
to a plurality of next hop information that can be selected 
will be described- 

For example, it is possible to consider tne case where 

15 the link rates of the network interface 221 and the network 
interface 222 of the router device 101 are different. 
Consequently, it is preferable to carry out the load 
balancing by accounting for the link rates. 

Fig. 5 shows an exemplary processing procedure of the 

20 router device lOl at a time of cut-through path generation 
in such a case. Here, the case of not carrying out the 
merging will be described. 

Also, the exemplary ease described here is directed to 
the case of generating the cut-through path from the router 

25 device 111 to UN to the network 120 or the router device 
104 as the final destination and a ratio of the link rates 
of the network interface 221 and the network Interface 222 
ts 1:2 tthe network Interface 222 is faster than the 
network interface 221 j. 

30 The cut-through path generation message received froni 

the network interface 211 of the router device 101 is 
transferred to the IP processing unit 201 after referring 
to the label table 233 at the label prooeeslng unit :d32 and 
determining that the IP processing Is to be carried out at 

35 the own device (step SS01>. 
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The IP processing unit 201 to wnich tne set up messa&e 
Is traixsi'erred rhen makes a Juflgeiaenx as TO whether it Is a 
message to be received by the own device or not. and sends 
data to the cut-through control unit 202 when It is a cut- 
"Cliroug^h protocol messasr^ (step S502). 

On the other hand, when the IP processing unit 201 
Judges that It Is not a message to be received by the own 
device, the IP transfer processing is to be carried out so 
that the IP processing unit 201 determines a nexr hop 
router device by referring: to the rounlne rable 203, and 
transfers data to the next hop router device (step S503). 
At this point, if the router device 101 has a device 
configuration without the IP transfer function, the data 
m^^y be discarded. 

Ncxr. at rhe cut-throush control unit 202 that 
received The set up roessaee from The IP processing unit 
201. the final destination for the purpose of generating 
the cut-through path that is contained m the received 
messagre le acquired (step S504) . 

Also, the next hop router device is obTalned by 
referring- TO The rouTlng -cable 203 using t;h.e acquired final 
destination (sTep SS05), and if The final destination is 
noT reachable, the transfer of this message is InTerrupTed 
(step S506) . 

Note that the operation after the raessaee transfer 
Interruption is different depending on the cut-through path 
generation protocol, and can be returning of a response xo 
the previous hop router device ill to UN from the router 
device lOl or stopping of the protocol operation. 

On The oTher hand, when the final destination exists 
at the step S50S, the next hop router device information is 
obtained from an entry of the routine table 203 for the 
final destination. 

In the network of Fig. 1, the router device 101 
maintains the router device 102 and the router device 103 
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as zhe nexx hop Inrormation with respect to the router 
device 104 and The network 120 as already raentloned above. 

Next, the nsxr hop rourer device is: to he selected at 
the cut-throuffh control unit 202. and at this point, the 
5 cut-through control unit 202 checks the number of already 
set up cut-through paths with respect to the same -final 
destination (step SS07) . 

The number of already set up cut-through paths Is used 
in the judgement to obtain the next hop Information. For 

lo example, the next hop information is determined by an 
alg-orlthm whlcli selects the router device lOZ when the 
number of already set up cut-throug-h paths Is a multiple 
3. or the router device 103 otherwise (step S508) . 

Note that when there arc n pieces of the next hop 

15 Information, and the link rate of the next hop i is given 

by r(i), the next hop router devices can be selected at the 
frequencies corresponding to their link rates according to 
a value or "y = c mod (r(l) + + r(n))", for exgunple. 

where e Is the number of already set up cut-through paths 

20 (the number of values ( ^he number of types) of y which 
should select the next hop i is set proportional to the 
link rate r(l) of the next hop 1), 

For example, when there are three pieces of next hop 
Information (assumed to be next hop #1, next hop #2, and 

25 next hop #6), and a ratio of link rate for the next hop #1: 
link rate for the next hop #2: link rate for the next hop 
#3 = 1:2:3 (where a total of elements ci. 2 and 3 in this 
case) oonetltutme the ratio of tne link rates = B). the 
next hop #3, #2, #1, #3, #2, or #3 is selected If a value 

30 of "y = c mod (the total of elements constituting the ratio 
of the link rates (= 6)) is 0, 1, 2, 3, 4, or 5, 
respectively . 

Also, the next hop router device selection algorithm 
is not limited to this, and any algorithm can be used aa 
35 long as It makes a ratio of the numbers of paths for the 
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next hop rouxer devices idenrieal {or nearly Identical) to 
rhe ratio of the link rates. 

At rhe cut-through conrrol unit 202 which derermined 
■Che next hop router device in this way, the set up messaffe 
5 is -creuismlt-ced to trhe router device 102 through the network 
interface 221 If the router device 102 is determined as the 
next hop router device or to rhe rourer device 103 through 
the network Interface 222 if rhe router device 103 Is 
determined as the next hop router device istep S509) . 
10 After that, at a timins where the set up completion 

message arrives from the router device 104 that is an end 
point of the cut-through path or an intermediate router 
device (step S510), a correspondence hetween the flow 
inf orroation and label information contained in the received 
15 messag-e and the carresponding transmission flow information 
and label information is established, so that rhe eur- 
rhrougrh path set up to an output network interface 221 or 
222 from the Input network Interface 211 to 21JN hecomes 
possible, and rherefore a rransition to the cut- through 
20 rransfer becomes possible (srep S511) . 

The transition to the cut-throush transfer is 
completed by setting the output label Information in the 
label table 233 existing on the receiving network interface 
211 to 21N, in the case of the router device in the 
25 configuration shown In Flj?. 2. 

Afi described, it can be seen that the case where the 
link rates are different can basically be handled by only 
changing the next hop router device selection algorithm. 

Note that in the case accounting for the difference in 
30 the link rates and also using the merging switch (carrying 
out the merglnir) . It Is similar to the example of Fig. 4 

described above, and it suffices to change the selection 
processing of the step S408 to rhe selection processing 
accounting: Tor the link rares such as that of the srep S508 
35 of Pig:- 5. for example. 
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Also, m tnis erabodinient: . ir is possllJle ro realize 
various ueagee and The load toalancinff for the case ot usliie 
The merffing^ as well as for The case of noT uslnsr the 
merffinff. by changing the processing algorithm at; a Time of 
5 deTermining The nexT hop InformaTlon in the processing of 
Flg^, 3 TO Fie- 5, that is, At The STCps S308. S408 . and 
S508. In The following, several exemplary applicaTlons will 
be described. 

AT The rouTer device lOl. various cuT-Throu&h paths 
lo can be eenerared besides Thar for The rouTer 104 or The 
neTwork 120, For example. aT The rourer device lOl. The 
number of already ser up cuT-through paths with the rouTer 
device 102 as rhe next hop router device and the number of 
already seT up cuT-Through paThs with the router device 103 
15 as The nexT hop rouTer device are accounted for The cuT- 
Throueh paths for The oTher desTlnaTions such that, when 
more cuT-Throueh paths are ser up for either one (The 
router device 102 Tor insTance) , weig-hrs are applied so 
that the selection probability of the other router device 
20 (The router device 103 in This case) becomes hiffher. In 

this way, the out-Through paThs wiTh respecr to The rouTer 
device 102 and the router device 103 can be balanced 
overall . 

Also, in The case where QoS informaTion is conTained 
25 aT The edsre router device at a time of the cut-throueh path 
generation, the alfforithni can be changed such that the 
router device which can satisfy the specified QoS more 
easily will be selected according to the number of already 
set up eut-throug-h paths that contain. QoS. 
30 Besides These, various oTher variaTions may also be 

considered. 

Next, Figr- 6 shows an exemplary configuration of the 
routing table 203 used in order to obtain the next hop 
information from the header information such as That of IP 
35 in this embodiment. 
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A destlxiaxion address field 601 has an information 
which serves as a key for obtaining The nexr hop 
Inforraarlon from The deariiiarlon address informarlon of the 
sex up message as well as a key at a time of the transfer. 
S A next hop information number field 602 is used for 

holding the number of next hop information that is held for 
The corresponding: destination information, vrhere two or 
more values are set In the case of m\iltl-path. 

The next hop information 611 to 61JN Is for holding an 
10 address of the next hop information for transferring 

datagram to the corresponding destination information, and 
the number of entries varies according to the value set to 
The next hop information number field 602. However, it Is 
not absolutely necessary for this entry to have the actual 
15 address Information of the next hop router device, and this 
entry may have an information indicating- an information 
location where the next hop router device Information is 
stored. 

The number of cut-through paths field 603 indicates 

20 the number of already set up cut-througn parhe for the 

corresponding destination Information, which can be used in 
the processing for determining a plurality of next hop 
router devices that are existing, in the processing shovm 
in Fig. 3 to Fig. 5. 

25 Fis. 7 shows an exemplary conflgurarlon of the label 

table 234 In this embodiment, which Is to be used for 
transferring the recelvea datagram {frame) without applying 
the IP processing, hy obtaining an output interface and an 
output label and from a label value attached to the 

30 received datagram. 

A received label field 701 has a label that coincides 
with a label contained in the header informaxion of the 
received frame, which will become a key at a rime of 
referring to this Table. In the case of ATM. VPI/VCI la 

3.5 used. 
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An outpur interface fleia T02 specifies an ouxput: 
ncTwork inrer^aee, wlileh is aeed for the purpose of 
swlrchlniT at the switch unit 204. 

A output label value field 703 Is used for storing- a 
5 label to be attached In ordef to transmit datagram to the 
next hop router device and a header information regarding" 
Its physical layer when the physical layer is different. 

As described, according to this embodiment, it is 
possible to carry our the load balancing at the router 
10 device that actually has the muiri-paxh information, 
without involving- the edge router. 

In addition, it is possible to realize the effective 
load balancing- by preventing the complication of the 
control and the implementation. 

IS 

Up to this point, the cut-throueh path set up. 
especially the selection of the next hop router device for 
the purpose of the load Daiancmg. has been described. In 
the following, the cut-through path re-setting that is 

20 carried out according to the amount of traffic that 
actually flows . 

Fig. 8 shows an exemplary conf ieuratlon of the router 
device 101 which Is provided with a function for carrying- 
out the cut-throuffh path re-setring^ accar-dlng^ to the amount 

25 of traffic that actually flows. 

An IP processing unit 801 checks whether an IP 
datagram is destined to the own device or not according to 
a destination information of the datagram, and for the 
datagram destined to the own device, the reception 

30 processing is carried out and the datagram is transferred 
to an upper layer protocol {TCP, for example), whereas for 
the datag-rom not desstined to the own device, a nexT hop 
transfer target is determined ana a processing for 
transferring the datagram to a next hop router device is 

35 carried out. 
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Note tliat -clie rourer device lOi lias a label swlrching 
f unerlon using labels so xii&x ir is noT; aljsolurely 
necessary for rhs rourer device 101 to have a transfer 
function with respect to the datagram not destined to the 
5 own device. 

A cut-through control unir 802 carries our a protocol 
TO De used in oDtainlng a common recogrnirion regarding rhe 
datagram flow and the label Information with the 
nelehborlnff router devices (by exchanginE information on 
lo The daraeram flow and the labels) . 

A routing Table B03 is a table used in obtainine a 
nexT hop rourer device from rbe destination address, where 
It Is possible to have a plurality of next hop information 
bur rhe next hop information is nor necessarily always 
15 plural because mere can be cases where no mulrl-path 
exists aependinE on the route. 

Network interfaces 811 to 81N are respectively 
connected to the routers 111 to UN, and can be provided in 
any form as long ae FANP . TDP or LDP Is usable on a 
20 physical layer. For example, tbey can be provided in forms 
of ATM. frame relay, Erherner, etc. 

A network interface 821 Is connected ro rhe router 
device 102 and operares similarly as rhe network inrerfaces 
811 to 81N (here ir is assumed to have rhe same 
25 conficurarion as rhe nerwork interfaces 811 ro 81N) , 

A network interface 822 is connected to the router 
device 103 and operates similarly as the network inrerfaces 
811 ro 81N (here It is assumed To have The same 
oonf igurarlon as the network interfaces 811 ro 81N) . 
30 A swlrcn unlr 804 is a switch device capable of 

directly switching datagram from one network interface to 
another network interface when the cut-rhrough Transfer is 
possible . 

Now, a conf igurarlon of each nerwork inrerface will be 
35 described usinir the network Interface 821 as an example. 



RecBivBd Oct-27-SS 1E:47am From-+81 335970086 To-FOLEY & LARDNER Paga 31 



-10-27 13:58 5B5t-FOLEY 



13 iS-gTC-MIYOSI & MIYOSl 



T-raa p.32/eo u-ses 



A physical layer processing unlT 831 carries out 
differenr Types of processing accordiner to The physical 
layer acconuno dared by The network interface, such as the 
cell synclxroniza-cion processing, ere. in the case of ATM 
5 and the MAC processing, etc. in the case of Ethernet. 

A physical layer counter 832 holds the niamher ot 
physical layer frames to he transmitted from the iietworK 
Interface 821. 

A label processing unit 833 determines a label for a 
10 next hop router device by referring to the label table 834 
after extracting a label from the header information of the 
received datagram (frame), and carries out a processing for 
transferring the datagram to the next hop router directly 
through the switch unit 804 without carrying: out the IP 
15 processing. 

Note that, in the ease of ATM, a switch table in terms 
of VPI/VCI used by the ATM switch or the like can be used 
directly as the label processing unit 833 and the label 
table 834, and in the case where the network interfaces 
20 possessed by the router device 101 are all given in forms 
of ATM. all the functions of the network interfaces 811 to 
SIN. 821 and 822. the label processing uoIt: 833. The label 
table 834 and the switch unit 804 can he realized by an ATM 
switch . 

25 The procedure for re-getting the cut-through path 

according to the amount of traffic that actually flows is 
realized in outline by regularly referring to the count 
value of the traffic amount for each target network 
interface. Judging whether or not to re-set the cut-through 

30 path according to a prescribed criterion, and carrylag out 
the re-setting (set up/reiease m the case of not carrying 
out the merging, the content change of the label table in 
the case of carrying out the merging) of one or a plurality 
of cut-through paths that are selected by a prescribed 

35 method, either separately or collectively, when it is 
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Judgeta thaT rne re-setring: snould. be made. 

Fig. 9 shows an exemplary processing procedure tor 
carrylngr OUT the euT-rhroueh parh re-eert±ne by measuring 
the actual transmission traffic after the router device ill 
5 "CO UN generarcd The cuT-rhroug-h path with the nerwork 120 
or the router device 104 as the final destination by the 
mernod of Fic:. 3, for example. Here, the case of not 
carrying out the mergine: at the router device 101 will be 
descrlhed . 

lo This procedure is to be carried out repeatedly at 

appropriate timings. 

At the router devloe 101. when the multi-path exists 
In the routing table 803 {the network 120 and the router 
device 104 in this example) , the traffics are measured for 

1.'5 the network interfaces that are specified as their output 

inrerraces [step S90i) . In this case, the network interface 
821 and the network Interface 822 are measured. 

The traffic measurement can be made for the trafric on 
the set up cut-through path, but in order to cheeK If tne 

20 trafi'ics are balanced, it is more effieienT ro use the 
physical layer counter 832 that exists on the network 
interface 821. The same is also true for the network 
interface 822. 

When the output counter values are obtained from the 

25 respective physical layer counters 832 of the network 
interface 821 and the network Interface 822. the both 
output counter values are compared or evaluated, and 
whether a relationship between these values ta ratio for 
example) Is within a tolerable range or not Isj cjxeejced 

30 (step 5902) . 

Here, the tolerable rang-e is determined by the link 
rates and the utilization rexte of the network interface 821 
and the network interface 822, and a ratio or the count 
value of rhe traffic amount of the nexwork interface 821 

35 and the count value of the traffic amount of the network 
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inxerface 822 Should preferably coincide with or close to a 
ratio of rtieir link raxes, for example. Also, it may be 
judffed ass within the tolerable range even If the traffics 
are not balanced when the tratric amounts are small on both 

5 interfaces. 

After the above checking, if it is within the 
tolerable range, the processing can be finished by 
reg-ardine that the traffics are balanced (step S903) . 

On the other hand. In the case where the rolerable 
lO range le exceeded at the step S9Q2. one re-settine target 
euT-through path le selected from the cut-throufirh paths set 
up in the multi-path at rne network interface wirh more 
transmission amount (which is assumed to be the network 
interface 821 side for example) (step S904) , and the count 

15 value of the traffic amount flowing through the selecxed 
cut-through path is measured {step S905J . 

Next, a value (M+x) obtained by adding the traffic 
amount X of the selected cut-through path to the traffic 
amount M of the network interface (8223 wnzh less 

20 rransmiasion amount and a value iJV-x) obtained by 

subtracting the traffic amount x of the sseleoted cut- 
Through path from the traffic amount N of the network 
interface (821) with more Transmission amount are compared 
or evaluated (step SSOG), to see if These calculated values 

25 are within the tolerable range, or excessively biased 

toward the network interface (821) with more transmission 
amount, or else excessively biased reward rhe nerwork 
interface (SZ2J with less transmission amount. 

When These calculated values are wltnin tne tolerable 

30 range or biased toward the network interface (821) with 
more transmission amount, the cut-throueh path re-setting 
is carried out such that the next hop rouTer of The cut- 
through path for which the Traffic was measured is switched 
from the router device (102) corresponding to the network 

35 interface (821) with more transmission amount to the router 
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device (103) corresponding to the network Interface (822) 
witn less transmission amount Cstep S90T3 . Then. In the 
case where these calculated values are within the tolerable 
range, The processing is finished istep S908J , whereas in 
G the ease where these calculated values? are biased, toward 
the network interface (821) with more transmission amount, 
the processing from the step S904 on is repeated (step 
S909) . 

The method of re-setting^ is different depending on the 
10 cut-tnroueh protocol, and includes the method which sets up 
after releasing tlie cut-throug-h path and the method which 
carries out the release processing after tJie set up. 

On the other hand, in the case where these calculated 
values are biased reward the network interface {.BU.2) with 
15 less transmission amount, the output rarget of the measured 
cut-through path is not changed and the processing from the 
Step S904 on Is repeated In order to switch the other cut- 
through path (Step S910). 

in the case of sucti a metnod. there can he cases where 
20 the Tolerable range is not reached even after the 

balancing, and In such a case. It is possible to rake one 
of the current state and the stare expected after the re- 
settingr which is closer to the tolerable range. 

Fig. 10 shows an exemplary processing procedure for 
25 carrying out the cut-through path re-setting by measuring 
the actual transmission traffic after the router device 111 
to UN cenerated the cut-tnroueh path with the network 120 
or the router device 104 as the final destination by the 
method of Fig. 4, for example. Here, the case of carrying 
30 out the merging at the router device 101 will be described. 
This procedure Is to be carried out repeatedly at 
appropriate timings. 

At the router device 101, when the multi-path exists 
in the routing table 803 {the network 120 and the router 
35 device 104 In this example), the traffics are measured for 
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■Che network inrerxaces mat are specified as tlielr ourpur 
Interfaeess (srep siool). in rhls case. The network 
interface 821 and the network interface 822 are measared. 

The traffic measurement can be made for the traffic on 
S the set up cut-througrh path, bxit in order to check if the 
traffics are balanced, it is more efficient to use the 
physical layer counter 832 that exists on the network 
interface 821. The same is also true for the network 
interface 822. 

10 When the output counter values are obtained from the 

resspectlve physical layer counters 832 of the network 
Interface 821 and the network interface 822, the both 
output counter values are compared or evaluated, and 
whether a relationship between these values (a ratio for 

15 example) is within a tolerable rang-e or not is checked 
(step S1002) . 

Here, the tolerable ranffe Is determined by the link 
rates and the utilization rate of the network interface 821 
and the network interface S22 , and a ratio of the count 

20 value of the traffic amount of the network liiterfaee S21 
and the count value of the traffic amount of the -network 
interface 822 should preferably coincide with or close to a 
ratio of their link rates, for example. Also, it may be 
judged as within the tolerable ranffc even if the traffics 

25 are not balanced when the traffic amounts are small on both 
Interfaces . 

After the above checking. If ix is within the 
tolerable range, the processing: can be finished by 
regarding that the traffics are balanced (step S1003) . 

30 On the other hand, in the case where the tolerable 

range is exceeded at the step S10Q2, one re-settlng target 
cut-through path is sseleeted from the cut-throuffh paths set 
up in the multi-path at the network interface with more 
transmission amount (which is assumed to be the network 

35 interface 821 side for example) (step S1004) , and the count 
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value of the traffic amounr flowing: -c&rouffh the selected 
eat-throuffh path is measured, (step S1O05} . 

Here, It Is important to note that the transmission 
traffic of each cut-through path is already a value after 
5 the merging-, so that there is a need to measure the 
received traffic before the merging. 

Next, a value (M-rx) obtained by adding the traffic 
amount x of the selected cut-throueh path to the traffic 
fUDOunt M of the network interface (822) with less 
10 transmission amount and a value CN-x) obtained by 

subtracting the traffic amount x of the aeleeted cut- 
through path from the traffic amount N of the network 
ijlterface C821) with more transmission amount are compared 
or evaluated (step S1006), to see if these calculated 
15 values are within the tolerable range, or excessively 
biased toward the network interface (821) with more 
transmission amount, or else excessively hlased toward the 
network Interface (8ZZ) with less transmission amount. 

When these calculated values are within the tolerable 
20 range or biased toward the network interface (821) with 

more transmission amounr, the entry of the label table 834 
for the cut-through path for which the traffic was measured 
is rewritten into a label for outputting to the network 
interface (822) with less transmission amount (step S1007) , 
25 After this label table setting:, in the case where these 
calculated values are within the tolerable range as a 
result of the processing: of the step S1006 . the processing 
is finished (step S1008J . whereas in the case where these 
calculated values ar© biased toward the network interface 
30 (821) with more transmission amount, the processing from 
the step S1004 on is repeated (step S1Q09). 

Note that whether or not the protocol processing is 
necessary for the cut-through path for which the output 
targ-et is changed here depends on the protocol used, 
35 On the other hand, in the case where these calculated 
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values are biased reward the nerwork interface (822) wlrh 
less Transmission amount, the outpur target of the measured 
cur-xhroug-h paTh is not changed and rhe processing from rhe 
Step S1004 on is repeated In order to switch the other cut- 
S througrh path (step SlOlO). 

In the case of such a mexhod. There can be cases where 
the Tolerable ranee is noT reached even after the 
balanclne. and in such a case, it is possible to take one 
ot the current state and the state expected after the re- 
10 setTlng which iss closer to the tolerable range . 

Note that there are various choices for the criterion 
used In xhe comparison or evaluation at the step S906 in 
the procedure of Fig. 9 or the step S1006 In the procedure 
of Fig. 10. 

15 For example, when The size relaTionship between The 

Traffic amounts is reversed if the selecred cuT-Throu^h 
path is re-set. that is. when N > M and (N-x) < (M+x) , it 
IS posslDie not to adopt (re-set) the selected cut-through 

path, in which case It Is Judged as excesassively biased to 

20 The neTwork InTerface (822 in This example) with less 
transmission amount when {N-x.) < (M+x) so ThaT The 
processine returns from The STep S90B/S100e ro the step 
S904/S1004, The processing- is finished from The sTep 
S907/S1007 when It is judged as wlThln The Tolerable rang-e. 

25 and It is judged as excessively biased to The neTwork 
Interface (821 in this example) with more transmission 
amounT oTherwlse so ThaT The processing reTurns from the 
STep S907/S1007 to the STep S904/S1004. 

It is also possible to judge the calculaTed values as 

ao within the Tolerable rang-© when upper limiT £ (N-x) / (M-^x) 2 
lower limit, or as excessively biased toward the network 
InTerface (821 In This example) with more Transmission 
anxoanT When (N-x)/(M-rX) > upper limlT, or else as 
excessively biased toward The neTwork InTerface (822 in 

35 this example) with less transmission amount when lower 
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llmlT; > (N-X3/{W+XJ. for example. 

Also, rhere are various etiolces tor xiie cuT:-rhrouffli 
parh selecrlon merhod ar rhe step S904 in The procedure ot 
Fig. 9 or rhe step S1004 in the procedure of Fig, 10. 

5 For example, xiie enrrics of the label ra.ble 834 may be 

selecTcd one by one in. an order of Their arrangement. Also, 
The entries of the label Table 834 may be sequentially 
selected in a descending order of their traffic amount 
count values, for example 
10 Also. The exemplary procedures of Fig- 9 and Fig. 10 

are directed to the ease of rspeatinff a series of 
processings including the selection of one re-settlng 
target cut-through path, the Judgement as to whether or not 
To carry out The re-setting of The selecTed cux-through 

15 path. The re-scTTlng in The case where It Is Judgred thaT 
the re-setTing is to be carried out. and The Judgement as 
to whether or not to continue the repeated processing, but 
it IS also possible to carry out the selecTion of The re- 
seTting target cuT-rhrough paths at the beginning and then 

20 carry out the re-settlng- oolleotlvely . 

Ir is also possible to obTain the opTimal solution or 
the nexr-To-oprlmal solurlon for one or a plurallTy of cuT- 
Throueh paths to be re-seT by aecounTing for The traffic 
amount of each ncTwork inTcrfacc and the traffic amount of 

25 each cut-Through paTh seT up in The multi-path. In this 
case, if a plurality of solutions exist, one with the 
smaiiesT number of cut-throuen paths "co De re-set may be 
selecTed. Also, if a plurality of solutions exist, a 
soluTion may be selected by comprehensively aooountingf for 

30 the level of The resulTing balance. The number of cut- 
through paths to be re-seT, etc. 

NejxT, Fig. 11 shows an exemplary configuration of the 
label Table 834 in This embodiment, which is to be used for 
Transferring The received datagrain (frame) withouT applying 

35 the IP processing, by obtaining an output interface and an 
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ourpu-c label ana trom a label value attached to the 
received datasram. 

A received label field 1101 has a label that coincides 
wirh a label contained In the header InformaTiloTi of the 
5 received frame, which will become a key at a time of 

referring to this table. In the case of ATM. VPI/VCJ Is 
used . 

An output interface field 1102 specifies an output 
network interface, which is used for the purpose of 

10 switching at the switch unit 804. 

A output label value field 1103 is used for storing a 
label to be attached In order to transmit dataffram to the 
next hop router device and a header information regarding 
Its physical layer vrhen the physical layer is different, 

15 A number of received frames field 1104 indicates the 

number of frames transferred by this label table 
information, which is referred at a time of traffic 
measurement in units of cut-through path in the procedures 
of FiS' 9 and Fig. lO. 

20 As described, according to this embodiment, it 1? 

possible to realize the more effective load balancing as 
the cut-throuffh path re-settlng is carried out according to 
the amount of traffic that actually flows. 

25 It is to be noted that the router device and the set 

up procedure as described with references to Figs. 1 to 7 
and the router device and the re-settin? procedure as 
described with referencess to Fl&s. 1 and 8 to il may be 
practiced either In combination or independently. 

30 It is also to be noted that. In the above description, 

the router device Is assumed to be a device having a 
routing table of the network luyer such as IP. 

Also a procedure for selecting the router device so as 
to contribute to the load balancing may Include not just a 

35 procedure for selecting any router device that contributes 

-34- 
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mosr to rue load balanclne at that moment, but also a 
procedure for realiziiie ztie load balanclne over a 
prescribed span. 

As a simple exajnple, when there are three routers 
5 (route #1, router #2. router #3) that can possibly be the 
next hop router, a procedure for selecting: the routers in 
an order of #1, #2, #3. #1, #2, #3, and so on will provide 
the former procedure, while a procedure for selecting the 
routers in an order of #1, #1, #2. #2. #3, #3, #1. #3 , #2, 

lo #2, ;r3. ^*3. and so on will provide the latter procedure. 

Also, tlie load, baianeinc may be carried out for each 
rang-e of the cut-through paths tliat are set up In tlie 
multi-path sharing the same destination, or over the entire 
cut-throueh paths. Besides these, various other methods are 

15 also possible in this regard. It is also possible ro 

realize the effective load balancing by acc-ounring for the 
various factors. 

Also a procedure for selecting the router device bo as 
to distribute the numbers of cut-throueh paths uniformly 

20 may include not just a procedure for selecting any router 
device that contributes most to the unif ormization at that 
moment, but also a procedure for realizing the 
unif ormization over a prescribed span. 

Ab a simple example, when there are two routers (route 

25 #1. router #2) that can possibly be the next hop router, 
the router #1 Is selected when a residue obtained by 
dividing a certain integer by the number of these routers 
le o, and tne router is selected when the residue is i, 
such that the routers are selected in an order of #1, #2, 

30 #1, #2, and so on. 

Also a procedure for selecting the router device so as 
to distribute the numbers of cut-through paths evenly 
according to the link rate of each router device may 
Include not just a procedure for select! ng^ any router 

35 device that contributes most to the even distribution at 
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tha-c roomenr, bur also a procedure tor realizing the 
even dlssrrilJuTilon. over a prescribed span- 
As a simple example, when rhere are three routers 
(route #1, router #2, router #3) that can possibly be ttie 

5 next hop router and a ratio of link rate oi" router #1: link 
rate of router #2: link rate of router f3 = 1:2:3, the 
router #3 is selected when a residue obtained by dividing- a 
certain integer by a total of elements constituting: a ratio 
that indicates or approximates a ratio of the link rates is 

10 0, 3 or 5, the router ??z is selectefl when the residue is i 
or 4, and the router #1 ia selected wnen the residue Is 2 
such that the routers are selected in an order of #3, ff z , 
#1, #3, #2, #3. #3, #2, #1, #3, #2, #3. and so on. 
Alternatively, it is also possible to use a procedure in 

IS which the router f3 is selected when the residue is O, 1 or 
2. the router #2 is selected when the residue is 3 or 4, 
and the router #i is selected when the residue Is 5 such 
that the routers are selected in an order of ¥3, #3, #3, 
#2, #2, #1. #3. #3. #3, #Z. #2, »1, and so on. 

20 It is also to be noted that the above described 

embodiments according to the present invention may be 
conveniently Implemented using a conventional general 
purpose digital computer programmed according to the 
teachings of the present specification, as will be apparent 

25 to those skilled In the computer art. Appropriate software 
codinK can readily be prepared by skilled programmers based 
on the teaching's of the present disclosure, as will be 
apparent to those skilled in the software art. 

In particular, each router device of the above 

SO described embodiments can be conveniently implemented in a 
form of a software packag-e . 

Such a so-fTwarc package can be a computer program 
product which employs a storage medium including srored 
computer code which is used to program a computer to 

35 perform the disclosed function and process of the present 
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invention- Tlie sroraee medium may Include, but is not 
limited to, any type of conventional floppy disks, optleal 
disks, CD-ROMs, raasneto-optical disks, ROMs, RAMs . EPRQMs . 
EEPROMs. magnetic or optical cards, or any ottier suitable 
media for storing electronic Inetructions . 

It is also to be noted that, besides those already 
mentioned above, many modifications and variations of the 
above embodiments may be made without departing from the 
novel and advantageous features oi' the present invention. 
AceordinETly . all such modifications and variations are 
intended to be included within the scope of the appended 
claims . 
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WHAT IS CLAIMED IS : 

1. A cu-c-xhrough path, conrrol method at a rouxer device 
at which multi-path exists, comprising tne sneps or: 

5 selecting one router among a plurality ot routers tliat 

can possibly be a next hop router so as to contribute to a 
load balancing, according to a whole or a prescribed part 
of information regarding a state of cut-through path set up 
in which xhe router device is Involved, at a time of 
10 sett me up a cut-xhrough path in the multi-path; and 

carries out a prescribed control Tor setting up the 
cux-xhrough path with said one router as the next hop 
router. 

2. The method of claim 1, wherein the selecting step 
selects said one router according to a number of already 
sex up cut-through paths such xhax numbers of cut-through 
paxhs ax said plurality of rouxers are uniformly 
disxribuxed among said pluraiixy of rouxers. 

3. The method of crlaim 2. wherein xhe selecting step 
includes the sub-steps of: 

assigning possible residue values starting from O that 
are obtainable by dividing a given Integer by a total 
number of said plurality of routers, respectively to said 
plurality of rouxers, one residue value per each rouXer; 
and 

selecting one of said plurality of rouxers which is 
assigned with a residue value obtained by dividing the 
nviraber of already set up out-through paths by the total 
number of said plurality of routers as said one router. 

4. The method of claim 1, wherein the selecting step 
selects said one router according to a niunber of already 

35 set up cux-xhrough paxhs such xhax numbers of cux-xhrough 
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paths at said plurality ot rouxers are evenly distrlbured 
among said plurallry of roarers accordlxig xo link raxes 
wlxh respect xo said plurallry oS rouxers. 

5 5, The method oi' claini 4, wherein the eelecxlns step 
includes the sub-sxeps ot : 

asslEninff posslhle residue values starxlng from 0 xhax 
are obxalnable by dividing: a g-lven Inxeger by a toxal of 
elements consxlxutlns an inxeger raxlo indicating or 

10 approxlmaxingf a radio of xhe link raxes wixli respecx xo 

said plurality of rouxers , respectively to said plurallxy 
of routers, as many residues values as a number 
proportional to a link rate with respect to each router per 
each router; and 

15 selecxin^ one of said plurality of rouxers which is 

assigned wlxh a residue value obxalned by dividing xhe 
number of already set up cut-throuffh paths by the total of 
the elements constltutinff the integer ratio as said one 
rouxer . 

G. The method of claim 1, further comprising xhe exeps 
of: 

sending a message for sexxing up the cut-through paxh 
xo said one rouXer; and 
25 makme an Informaxlon sexxine necessary for utilizing 

xhe cux-xhrough path when the cut-through path is set up. 

7. The method, of claim 1, further comprising the steps 
of: 

30 sending a message for seXXlng up xhe cux-xhrough path 

to said one rouxer when no other already set up cut-through 
path xo said one rouxer exists, and making an Informaxlon 
setting necessary for utilizing The cut-through paxh when 
the cux-xhroujrh path is sex up; and 

35 raaklhi: anoxher informaxlon settine necessary for 
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merging rhe cur-througn patn with an already sex up car- 
rhrougli paxh to said one rouxer when the already set up 
cut-through path exists, 

5 8. The method of claim 1, wherein the setting up of the 
cut-xhrou&b path starts at a timing of receiving a message 
for settinn up the cut-through path from a node device on 
an upstream side. 

10 9. The method of claim 1. further comprising the steps 

selecting one cut-through path that contributes to the 
load balancing when a route change is made, among cut- 
through paths for which the route change at the router 
15 device is possible; and 

changlne: a route of said one cut-through path so as to 
contribute to the load Dalancing. 

10. A cut-through path control method at a router device 
ax which mulri-path exists, comprising xhe sreps of: 

selecting one cut-through path that contributes to a 
load balancing when a route change is made, among cut- 
through paths for which the route change at the router 
device Is possible; and 

changing a route of said one cut- through path so as to 
contribute to the load balancing. 

11. The method of claim 10, further comprising the step 
of: 

30 checking a traffic amount to each of a plurality of 

node devices that arc nexx hop nodes of cut-through paxhs 
from the router device at prescribed timings; 

wherein the selecting step selects said one cut- 
throuirh path that satisfies a prescribed condition 

35 regarding the traffic amount when a level of Imbalance 
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amone zrattic amounts to said plurality of node devices 
exceeds a prescribed tolerable rang-e . said one cut-tnroueh 
path being In a mulrl-paTh wirh one node device with, less 
traffic amount as a next hop node; and 
5 the changing step chauses the route of said one cut- 

throueh parh by chan&ine the next hop node of said one out- 
throuffh path to another node device with more traffic 
amount . 

10 12. The method of claim 11, wherein the seiectine step and 
rhe chan^in? srep are repeated unrll the level of imbalance 
becomes within the prescribed tolerable ranse or there is 
no more cut-through path that can be selected by the 
selecting step. 

15 

13. The method of claim 11, wherein the selecting step 
selects one or a plurality of optimal solutions for said 
one cut-through path. 

20 14, A router device at which multi-path exists, 
comprising: 

a processings unir configured to select one router 
among a plurality of router.s thar can possibly be a next 
nop router so as to contribure to a load balancing, 
25 accordine to a whole or a prescribed part of information 
reeardlne a state of cut-throueh path set up In which the 
router device is involved, at a time of setting up a cut- 
through path in the multi-path; 

a conxrol unit configured to carry out a prescribed 
30 control for setting up the eut-through path with said one 
router as the next hop router : and 

a transfer unit configured to transfer datagrams using 
the cut-through path. 

35 15- The router device of claim 14, wherein the processing 

-41- 
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unir selects said one rourer according to a number of 
already set up cut-through paths such that numbers of CUt- 
rhrou&h paths at said plurality oT routers are uniformly 
distributed anions said plurality of routers. 

5 

16. The rouxer device of claim 14, wherein The processing 
unit selects said one router according to a number of 
already set up cut-throueh parhs such rhat numbers of cut- 
through paths at said plurality of routers are evenly 

10 dlstributea among said plurality of rourers according ro 
link rares with respect to said plurality of routers. 

17. A rourer device eit which multi-paTh exisrs, 
comprising: 

IS a pracessins unir configured ro select one cut-through 

path that contributes to a load balancing when a route 
change is made, among cut-through paths for which the route 
change at the router device Is possible; 

a control unit configured to change a route of said 
20 one cut-through path so as to contribute to the load 
balancing; and 

a transfer unit configured to transfer datagrams using 
■Che CUT -through path. 

25 18. The router device of claiin 17, further comprising: 
a measurement unit configured to cheek a traffic 
amount to each of a plurality of node devices that are next 
hop nodes of cut-through paths from the router device at 
prescribed timings; 

30 wherein the processing unit selects said one cut- 

through path that satisfies a presc-ribed condition 
regarding the traffic amount when a level of Imbalance 
among traffic amounts to said plurality of node devices 
exceeds a prescribed tolerable range, said one cut-through 

35 path being in a multi-path with one node device with less 

-42- 
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Tratric amounx as a nexr hop node; and 

The coiiTrol unlx ctianffes the rouTe of said, one cu-c- 
rhrougrii paxh by ehaneine the next hop node of said one cut- 
through path to another node device with more tratfic 
5 amount . 

19. A comparer usable medium havlns computer readable 
proffram code means embodied therein for causing a computer 
xo function as a router device at which multi-path exists. 

10 the compuTer readable prograra code means includes: 

first computer readable proerram code means for causing 
said computer to select one router among- a plurality of 
routers that can possibly be a next hop router so as to 
contribute to a. load balancing, according to a whole or a 

15 prescribed part of in-formation regarding a state of eut- 

tbroug-h path set up in which the router device Is involved, 
at a time of setting up a cut-throug-h path In the multl- 
path ; 

second computer readable proeram code means for 
20 causing said computer to carry out a prescriDed control for 
setting up the out-through path with said one router as the 
next hop router; and 

third computer readable program code means for causing 
said computer to transfer datagrams using the cut-through 
25 path. 

20. A computer usable medium having computer readable 
program code means embodied therein ror causlne: a computer 
to function as a router device at which multi-path exists, 

30 the computer readable program code means Includes: 

first computer readable progrrara code means for causing- 
said computer to select one cut-through path that 
contributes to a load balancing when a route change Is 
made , among cut-through paths for which the route change at 

35 the router device is possible: 
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second compurer readable proerara code means for 
causing said compurer zo chance a route ot said, one cut- 
through path so as to contribute to the load balancing; and 

third computer readable program code means for causing 
5 said computer to transfer datagrams using the cut-through 
path . 



10 
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20 



25 



30 



35 
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ABSTKACT OF THE DISCLOSURE 

A rourer device ana a cur-throuffh path control method 
capable oX carrying out the load balancing at an 
E Intermediate router device wHioti acruaiiy has a multi-path 
information, without requiring a special processing an the 
edge router are disclosed. At a router device at which 
tnultl-path exists, one router among a plurality of routers 
that can possibly be a next hop router is selected so as to 
lo contribute to a load baiancine:. accordlne to a whole or a 
prescribed part of information regardinc a sxare or cur- 
Throueii path ser up in which the router device is involved, 
at a time of setting up a cur-Through path in the multl- 
path, and a prescribed control for setting up the cut- 
is rhrough path with that one router as the next hop router is 
carried our. Also, one cut- through path that contributes to 
the load balancing when a route change is made Is selected 
among cut-through paths for which the route change at rhe 
router device is possible, and a route or that one cut- 
20 tnrouffh path Is chang-ed so as to contribute to the load 
balancing^ . 



25 



30 



35 
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